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(57) ABSTRACT

An oscillation limiting mechanism 4 1s integrally provided
to an engine mount 3 (a vibration proof mount device) of a
power plant P mounted on an automobile 1n a traverse mount
fashion. Not only 1s a stopper metal member 40 1n the shape
of an inverted U letter disposed so as to cross over a mount
body portion 30, but a stopper rubber 42 1s formed so that
it protrudes from the rear end of a casing of the mount body
portion 30 toward the rear side of the vehicle body. Not only
1s a hollow portion 43 formed in the interior of the stopper
rubber 42, but a metal core body 44 1s also embedded 1n the
stopper rubber 42 so as to be revolvable around an axis in the
vehicle body traverse direction as 11 1t were a link. With such
a construction adopted, the stopper rubber 42 i1s shear-
deformed 1n the vertical direction with comparative ease
even 1n a state where 1t 1s brought 1nto contact with the rear
side leg portion 40c¢ of a stopper metal member 40 and
thereby receives a compressive force in the vehicle body
longitudinal direction, and a dynamic spring constant of the
mount 3 in the vertical direction does not rise so much even
if the stopper acts 1n rapid acceleration or the like; therefore,
enabling increase in surrounding sound 1n acceleration to be
suppressed with a simple structure less of cost up while
oscillation of the power plant P 1s limited 1n a similar way
to that of a torque rod.

6 Claims, 19 Drawing Sheets
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1
VIBRATION ISOLATING PROOF DEVICE

BACKGROUND OF THE INVENTION

The present invention relates to a vibration 1solating proof 53

device for mounting a power plant on an automobile, and
particularly, belongs to the techmical field of a structure
thereol 1n a case where a mechanism for limiting oscillation
in a rolling direction of the power plant 1s 1installed integrally
in a single body.

In a front engine-front drive (FF) type vehicle, for
example, generally a power plant has been conventionally
mounted on the vehicle body with the length direction (a
direction along which a crankshait extends) thereof aligned
in the width direction of the vehicle body so that both end
portions thereof are elastically supported by the body side
frames located on both sides, left and right, of the engine
room (a so-called traverse mount type).

As such a traverse mount type, main stream thereof 1s an
inertia main axis mount scheme (or a torque roll axis
scheme) 1n which main mounts on both ends, letft and right,
of the power plant are disposed 1n the proximity of a roll
inertial main axis (hereinafter referred to simply as a roll
axis) thereof, which 1s disclosed, for example, 1n Patent
literature 1 (FP No. 2736008 A). This 1s because a dynamic
spring performance around the roll axis 1s made compara-
tively softer with a secured support stiflness of two mounts
on the left and right sides, respectively, supporting almost all
the static load of the power plant, thereby enabling idle
vibrations to be effectively reduced.

With the dynamic spring performance around the roll axis
softer to such an extent, for example, when a driving output
(torque) of the engine greatly alters as in rapid acceleration
or rapid deceleration in the case of the torque roll axis
mount, the power plant in the entirety greatly rolls around
the roll axis by the reaction force (torque); therefore, plural
mounts for limiting the rolling are usually provided before
and after the power plant 1n addition to the main mounts on
the left and right sides.

In this connection, another mount scheme 1s disclosed, for
example, 1n Patent literature 2 (DP No. 4209613 A) in which
supporting points for a power plant of main mounts on the
left and right sides not only are set more higher than a roll
axis to thereby oscillatably support the power plant 1n the
entirety but also dispose a torque rod for limiting the
oscillation at the lower end portion thereof so as to connect
the power plant to the vehicle body side (this scheme 1s
heremnafter referred to as a pendulum mount scheme).

Since 1n the pendulum mount scheme, main mounts on the
left and right sides are farther away from a roll axis than 1n
the general torque axis mount scheme, a force 1n the vehicle
body longitudinal direction acts directly on the main mounts
in company with rolling of the power plant; 1n other words,
the rolling 1s limited by the mounts themselves. In consid-
eration of this, according to the mount scheme described 1n
Patent literature 2, torque rods are provided to the main
mounts on the left and right mounts, respectively, 1n addition
to an independent torque rod attached at the lower end of the
power plant, thereby causing a force in the vehicle body
longitudinal direction to be received.

In a case where torque rods are provided to the main
mounts i such a way as well, however, the number of parts
constituting the mounts increases correspondingly to
thereby raise the number of assembly man-days; therefore,
leading to a problem to cause a lot of cost up. This 1s because
both ends in the front and rear sides of each of the torque
rods are supported so as to be revolvable around respective
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horizontal axes so that a vertical motion of the correspond-
ing mount 1s not hindered by attachment of the torque rod
and the torque rod 1s connected to the corresponding mount
with a rubber bush so that vibration 1s not transmaitted to the
mount.

In connection with this aspect, there has been known
various kinds of stopper mechanisms capable limiting dis-
placement 1n a mount with a simpler structure. In a mount
scheme described, for example, 1n Patent literatures 3 and 4
(JP No. 2003-184939 A and JP No. 2002-257182 A), stopper
rubber portions are provided so as to protrude on both sides
betfore and after a member connected to the power plant side
and the stopper rubber portions are brought into contact with
members of the vehicle body side which the stopper rubber
portions face 1n the vehicle body longitudinal direction,
thereby preventing displacement beyond the members of the
vehicle body side.

Since, if the stopper rubber portions are, 1n such a way,
brought into contact with the vehicle body, an adverse
possibility arises that vibrations of the power plant are
transmitted to the vehicle body side through the stopper
rubber portion, stopper mechanisms described in Patent
literatures 5 and 6 (JP No. 61-92329 A and JP No. 60-02541
B) each are equipped with the stopper rubber portion having
protruded stripes at the distal end thereof or the stopper
rubber portion having a hollow in the interior thereof,
thereby reducing a stiflness thereof partly. With partial
reduction 1n the stifiness, no increase 1n spring constant of
the mount occurs suddenly at the same time as the action of
the stopper (S1), for example, as shown with a solid line (I)
of FIG. 7A and increase 1n spring constant at an 1nitial stage
of the action of a spring occurs 1n a relatively mild manner,
thereby enabling vibrations to be absorbed, as shown with a
broken line (II) 1n the same figure.

The conventional stopper mechanisms (disclosed 1n
Patent literatures 3 to 6 and the like) each, however, have no
function that an increase in dynamic spring constant in the
vertical direction can be restricted to the lowest level with-
out hindering upward and downward motions of a mount by
receiving and absorbing a force in the vehicle body longi-
tudinal direction acting on the mount as a torque rod acts, so
the mechanisms each cannot be a substitute for the torque
rod.

That 1s, 1n the stopper mechanisms of Patent literatures 3
and 4, as described above, since elastic deformation of
compressed rubber 1s greatly limited not only 1n the vehicle
body longitudinal direction but also in the vertical direction
in a state where the stopper rubber portion 1s 1n contact with
a member of the vehicle body to receive a pushing force 1n
the vehicle body longitudinal direction, the member of the
vehicle body 1s restricted in motion thereof by the rubber
stopper portion relative to the member of the power plant.
For this reason, dynamic spring constants of the mount in the
entirety 1n the longitudinal direction and vertical direction of
the vehicle body increase suddenly at the same time as the
action of the stopper, thereby degrading vibration proof
performance (see the solid lines shown in the graphs of

FIGS. 7A and 7B).

In acceleration of an automobile, for example, a power
plant 1 the entirety, 1n some case, has great vibrations in the
vertical direction because of unbalance in reciprocating
inertia force or the like of the engine, when the power plant
1s inclined by a driving reaction force to thereby cause a
stopper to act and to degrade vibration proof performance of
mounts suddenly, which leads to an inconvenience that
vibrations 1n the vertical direction accompanying the accel-
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eration operation propagates into the vehicle compartment to
generate a loud surrounding sound confined therein.

Even 1f stiflness of the stopper rubber portion 1s partly
reduced to cope with such an inconvenience to thereby cause
rubber to be elastically deformed with comparative ease at
the 1nitial stage in the action of a stopper, as shown 1n Patent
literature 5 and 6 described above (see the broken line 1n the
graph of FIG. 7A), such a feature works only so as to slow
down degradation of vibration prool performance of a
mount 1n company with action of the stopper, and does not
work such that increase 1 dynamic spring constant in the
vertical direction of the mount as a whole 1s suppressed to
thereby enable vibrations in the vertical direction to be
suiliciently absorbed while a load 1n the vehicle body
longitudinal direction 1s received with certainty, as a torque
rod works.

SUMMARY OF THE INVENTION

The present invention has been made i1n light of such
problematic points and it 1s an object of the present invention
to provide a vibration 1solating proof device for an engine
(or a power plant) 1n a traverse mount fashion 1n a so-called
FF automobile or the like 1n which an oscillation limiting
mechanism provided therein integrally provided 1n a single
piece 1s deliberately contrived in construction so as to
achieve a function similar to that of a torque rod while a
simple structure thereof less of cost up 1s realized.

In means adopted by the present invention for the purpose
to achieve the object, a basic structure of a conventional
known stopper mechanism 1s employed and, for example, a
core body of a recetving member for a force in the vehicle
body longitudinal direction such as a stopper rubber or the
like 1s caused to revolve as 11 it were a link to thereby cause
the receiving member for a force in the vehicle body
longitudinal direction to be subjected to shear deformation
in the vertical direction with comparative ease even when
the receiving member receives a compressive force in the
vehicle body longitudinal direction, thereby enabling a
member ol a vehicle body and a member of a power plant
to displace relatively to each other 1n the vertical direction
with comparative ease.

To be more concrete, a first mvention of the present
application 1s directed to a vibration 1solating proof device
not only for elastically supporting one of left and right end
portions of a power plant mounted on a vehicle with the
length direction of the power plant aligned in the traverse
direction of the body of the vehicle, but also having an
oscillation limiting mechanism for limiting oscillation of the
power plant mm a roll direction thereof. The oscillation
limiting mechanism has a recerving member for a force 1n
the vehicle body longitudinal direction receiving at least a
compressive force 1n the vehicle body longitudinal direction
between a member of the vehicle body and a member of the
power plant facing each other 1n the vehicle body longitu-
dinal direction, and the receiving member for a force in the
vehicle body longitudinal direction (heremafter referred to
simply as the recerving member) 1s constructed of: a rubber
portion and a core body made of a material higher in
stiflness than the rubber portion and provided integrally with
the rubber portion 1 a single piece at least so as to be
revolvable around an axis in the vehicle body traverse
direction by a predetermined angle or more.

With the mechanism adopted, the power plant revolves
(rolling) around the roll axis by the action of a driving
reaction force, for example, 1n acceleration and deceleration
of an automobile to thereby cause the recerving members
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between the members of the power plant and the vehicle
body to receive a force in the vehicle body longitudinal
direction when the member of the vehicle body and the
member of the power plant are displaced relatively from
cach other 1n the vibration limiting mount device, thereby
ecnabling oscillation of the power plant to be limited.

In this situation, a rubber portion of the receiving member
1s compressed in the vehicle body longitudinal direction and
thereby caused to be 1n a state of dificulty in elastic
deformation, while the core body provided integrally 1n the
receiving member as a single piece revolves as 1f 1t were a
link (which 1s also heremafter referred to as a link action),
thereby shear-deforming the receiving member as a whole 1n
the vertical direction with comparative ease. With such
construction, since the members of the vehicle body and the
power plant can be displaced relatively from each other,
absorption of vibrations in the vertical direction 1s per-
formed sufliciently.

That 1s, according to an oscillation limiting mechamsm of
the invention of the present application, even with a simple
structure similar to that of a conventional general stopper
mechanism, a function similar to that of a torque rod 1s
achieved by a link action of a core body provided integrally
with a rubber portion, which 1s different 1n function from the
conventional general mechanism, thereby enabling absorp-
tion performance of vibrations in the vertical direction 1n a
vibration proof mount to be sufliciently maintained while
oscillation of the power plant 1s limited eflectively.

Note that to provide the core body in the receiving
member so as to be revolvable by a predetermined angle or
more 1s to construct a structure 1 which the core body 1s
intentionally revolved, which is different from a structure 1n
which a core metal or the like 1s embedded 1n a conventional
known stopper rubber for reinforcement. Therefore, 1 the
invention related to claim 1, the core body 1n the receiving
member can usually revolve relatively to at least one of a
member ol a vehicle body and a member of a power plant
by a predetermined angle (for example about 1 degree) or
more, for example when the receiving member receives a
force 1n the vertical direction without the action of a force 1n
the vehicle body longitudinal direction.

In the first invention, a hollow portion 1s preferably
formed 1n the rubber portion of the recerving member at least
so that the core body can be revolved around an axis in the
vehicle body traverse direction (a second invention).

For example, it 1s recommended that the hollow portion of
the receiving member 1s formed so as to communicate with
outside the rubber portion and at least one of inner walls 1n
the front and rear portions of the rubber portion enclosing
the hollow portion 1s caused to swell relatively into the
hollow portion on one of the upper and lower sides thereof
and to thereby at least embed the core body in the swell
portion (a third invention). It 1s preferable that the hollow
portion 1s formed so as to pass through the rubber portion in
the vertical direction and the swell portion 1s formed at a site
relatively in the lower side 1n the hollow portion (a fourth
invention).

With such a construction, when the receiving member
receives a compressive force between the members of the
vehicle body and of the power plant and the hollow portion
thereol 1s collapsed by elastic deformation of rubber, part of
the hollow portion remains uncollapsed on one of the upper
and lower sides of the swell portion where the core body 1s
embedded; therefore, the core body can be revolved 1n the
vertical direction with comparative ease even in a state
where the rubber 1s compressed, thereby ensuring the action
and eflect of the first invention to be more certain.
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Alternatively, 1n the first invention, the core body 1n the
receiving member may be in the shape of a rectangle the
length of which 1n the vehicle body longitudinal direction 1s
more than the length in the vehicle vertical direction as
viewed 1n the traverse direction of the vehicle body (a fifth
invention).

With a shape of the core body having a dimension
comparatively longer in the vehicle body longitudinal direc-
tion, the core body can perform a link action without
forming the hollow portion 1n the rubber portion, thereby
enabling almost the same action and eflect as those of the
second 1nvention.

Moreover, i the first invention, the core body in the
receiving member 1s preferably provided so as to be
revolved by receiving a compressive force acting between a
member of the vehicle body and a member of the power
plant (a sixth invention).

With the construction, when the receiving member
receives a compressive force between the member of the
vehicle body and the member of the power plant, the
receiving member as a whole 1s urged to receive shear
deformation in the vertical direction by revolution of the
core body; therefore, displacement 1n the vertical direction
of the members of the vehicle body and the power plant 1s
tacilitated with more of ease, leading to more of certainty of
the action and eflect of the first invention.

In the recerving member, for example, 1t 1s preferable that
the rubber portion includes: a connecting portion connecting,
the core body to one of the member of the vehicle body and
t
C

ne member of the power plant; and a protruded end portion
irected to the other member thereof from the core body,
wherein the connecting portion and protruded end portion
are vertically shifted 1n an oflset arrangement (a seventh
invention).

With such a construction, by bringing the protruded end
portion (the rubber portion) of the receiving member pro-
vided on one of the member of the vehicle body and the
member of the power plant into contact with the other
member thereol to push the protruded end portion 1n the
vehicle body longitudinal direction, the pushing force from
the other member thereof and the reaction force from the one
member thereol constitute a couple of forces to thereby
generate a revolving force (a moment) on the core body.

Note that the term, oflset, means ofl centering 1n general
and for example, means that the connecting portion and the
protruded end portion of the rubber portion are vertically
shifted 1n center from each other, that horizontal lines having
centers of gravity of both thereon, respectively, are vertically
shifted from each other, that application points of forces
acting thereon in the vehicle body longitudinal direction 1s
vertically shifted from each other or the like.

A construction 1s allowed in which the core body in the
receiving member assumes a crank-like shape as viewed in
the vehicle body traverse direction and the front end portion
and the rear end portion are vertically shifted 1n an offset
arrangement (an eighth mvention) or in which the core body
1s inclined so that the front end portion and rear end portion
are vertically oflset in position (a ninth invention).

With such constructions, when the receiving member
between the member of the vehicle body and the member of
the power plant 1s pushed from before and after, a couple of
forces acts thereon 1n a similar manner to that in the seventh
invention to revolve the core body. In order to obtain such
an action with more ol certainty, 1t 1s allowed to form a
hollow portion at a proper site in the rubber portion.

An example 1s presented here as a prelferable concrete
structure of a vibration i1solating proof device related to one
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6

of the second to ninth inventions, 1n which a member of the
vehicle body 1n the shape of an inverted U letter 1s disposed
s0 as to cross over the body of the mount on which a static
load of the power plant 1s imposed to fix the lower ends of
leg portions of a pair located before and after the member of
the vehicle body to a side frame of the vehicle body at
positions before and after, respectively, the body of the
mount. The recerving member 1s disposed at at least one of
the front and rear sites of an outer wall portion of the body
of the mount, which 1s the member of the power plant, so as
to protrude toward a leg portion of the member of the body
of the vehicle which the recerving member faces in the
vehicle body longitudinal direction (a tenth mvention).

With the construction, not only 1s the member of the
vehicle body 1n the shape of an inverted U letter provided so
as to cross over the body of the mount connected to the
power plant, but the receiving member 1s also disposed on
the outer wall portion of the body of the mount, and 1n a case
where the receiving member 1s provided at one of the front
and rear sides or both sides of the body of the mount as well,
the recerving member or members can be itegrally molded
in a single piece with the body of the mount 1n a similar
manner to that in a conventional known stopper rubber,
resulting in reduction 1n cost.

In another concrete construction of the first invention, it
1s pretferable that members of the vehicle body are provided
before and after members of the power plant so as to face
cach other and a rubber portion of the receiving member 1s
provided on one of the member of the power plant and the
corresponding member of the vehicle body. The core body
of the recelving member not only 1s inclined by a predeter-
mined angle relative to a horizontal plane 1n the vehicle body
longitudinal direction, but 1s also disposed so as to surround
the member of the power plant across more than a half of the
circumierence from one of the left and right sides so as to
receive a compressive force 1n the vehicle body longitudinal
direction between the member of the power plant and the
corresponding one of the members 1n the front and rear sides
of the vehicle body (an eleventh invention).

With such a construction, since the core body in the
receiving member 1s inclined relative to a horizontal plane
even when the receiving member for a force in the vehicle
body longitudinal direction receives a compressive force
acting between the member of the vehicle body and the
member of the power plant 1n acceleration and deceleration
of an automobile, the core body revolves as 11 1t were a link
without being restricted strongly by the compressive force,
thereby facilitate the recerving member as a whole to be
subjected to shear deformation vertically with comparative
case. With such shear deformation with comparative ease,
the action and eflect of the first invention can be obtained
with more of certainty.

In addition, in the acceleration and deceleration, a com-
pressive force occurring between the member of the power
plant and the corresponding one of the members of the
vehicle body can be received by one receiving member;
therefore enabling a structure having a function similar to
that of a torque rod forward or backward 1n the vehicle body
longitudinal direction to be realized at a low cost.

In the eleventh invention, 1t 1s preferable that the rubber
portion of the receiving member 1s provided to the member
of the power plant and a tlat plane portion 1n almost parallel
to a surface of the member of the vehicle body which the flat
plane faces 1s formed at at least one end portion of the front
and rear sites of the core body (a twelith mvention).

With such a construction, when one end portion of the
front and rear sites of the recerving member for a force 1n the
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vehicle body longitudinal direction 1s brought into contact
with the member of the vehicle member by displacement of
the member of the power plant 1n the vehicle body longi-
tudinal direction, the core body of the receiving member
receives a pushing force umiformly over the entire surface of
the flat plane portion, preventing damage or the like 1n the
rubber portion sandwiched therebetween.

It 1s more preferably that the rubber portion of the
receiving member 1s provided to the member of the power
plant and a surface with a circular arc in section swelled 1n
the middle of the vertical width 1s formed at at least one end
portion of the front and rear sites of the core body (a
thirteenth 1nvention).

With such a construction, the link action of the core body
can be more easily realized as compared with the case where
the one end surface of the core body is of a flat plane.

In order to obtain a core body in the receiving member in
a predetermined inclined state, the rubber portion i1s neces-
sary to be cured i1n a state where the core body 1s held
obliquely relative to a horizontal direction, wherein the
receiving member 1s supported by pin members so that the
core body obtains an inclined state of being held at a
predetermined angle relative to a horizontal plane i the
vehicle body longitudinal direction and then integrated with
the rubber portion 1n a single piece.

Accordingly, 1n a case where the core body 1s embedded
in the rubber portion at least at both of the front and rear sites
of the member of the plant power, and holes (in which the
pin members are inserted in cure molding of the rubber
portion) are formed that extend in the vertical direction
down or up to a surface of the core body in the rubber
portion from the upper or lower surface of the rubber portion
at sites thereof corresponding to sites on the front and rear
portions of the core body so that height positions of the
bottoms of the holes on the front and rear portions of the core
body are different from each other (a fourteenth invention).

As described above, according to a vibration 1solating
prool device related to the mvention of the present applica-
tion, 1 a case where an oscillation limiting device 1s
provided nstead of a torque rod as functional replacement in
the vibration proof mount of a power plant mounted 1n a
traverse mount fashion in an engine room of an automobile,
a basic structure of a conventional known stopper mecha-
nism 1s employed: for example with a core body 1 a
receiving member for a force in the vehicle body longitu-
dinal direction such as a stopper rubber so as to revolve
around an axis in the vehicle traverse direction as 11 1t were
a link provided, the receiving member for a force in the
vehicle body longitudinal direction 1s shear-deformed 1n the
vertically, direction with comparative ease when the receiv-
ing member receives a compressive force i the vehicle
body longitudinal direction; therefore, not only can a load in
the vehicle body longitudinal direction be received and
absorbed with certainty as a torque rod does, though with a
simple structure less in cost up, but also no dynamic spring
constant suddenly increase 1n the vertical direction and the
surrounding sound due to acceleration of automobile can be
suiliciently suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view showing a schematic con-
struction of an engine mount system.

FIG. 2 1s a descriptive view as a model of a power plant
showing a way that a driving reaction force (torque) acts as
viewed from the left side of the body of a vehicle.
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FIG. 3 1s an enlarged upper surface view showing a
structure of a mount on the engine side of an embodiment 1.

FIG. 4 1s a left side view of FIG. 3.

FIG. § 1s a partially sectional view showing an internal
structure of the body of a mount.

FIGS. 6 A and 6B are enlarged sectional views as a model
showing a structure and workings of a oscillation limiting
mechanism.

FIG. 7A 1s a graph for a load vs. displacement showing a
change in static spring characteristic 1n the vehicle body
longitudinal direction of a mount in company with accel-
eration and deceleration of an automobile and FIG. 7B 1s a
graph showing changes 1n dynamic spring characteristic in
the vertical direction before and after action of a stopper.

FIG. 8 1s a view related to an example modification
having a feature 1n a shape of a core body corresponding to
FIG. 3.

FIG. 9 1s a view related to an example modification
without providing a hollow portion corresponding to FIGS.
6A and 6B.

FIG. 10 1s a view related to an embodiment 2 correspond-
ing to FIG. 3.

FIG. 11 1s a view related to the embodiment 2 corre-
sponding to FIG. 4.

FIG. 12 1s a view related to the embodiment 2 corre-
sponding to FIG. 5.

FIGS. 13A and 13B are views related to the embodiment
2 corresponding FIGS. 6A and 6B.

FIGS. 14A, 14B, 14C and 14D are views related to an
example modification of the embodiment 2 corresponding to
FIG. 13A.

FIG. 15 1s a view related to an embodiment 3 correspond-
ing to FIG. 1.

FIG. 16 1s a view related to the embodiment 3 corre-
sponding to FIG. 5.

FIG. 17 1s a view related to the embodiment 3 corre-
sponding to FIG. 3.

FIG. 18A 1s a perspective view showing a core body 1n an
isolated state and FIG. 18B i1s an example modification
having an outer circumierential surface in the shape of a

circular arc 1n section.
FIGS. 19A and 19B are views related to the embodiment
3 corresponding to FIGS. 6A and 6B.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

Detailed description will be given of embodiments of the
present invention below with reference to the accompanying
drawings. Note that 1t should be understood that description
of the following preferable embodiments are presented 1n
essence only by way of illustration and 1s not intended to
restrict the present invention, products to which the present
invention 1s applied or applications of the present invention.

Embodiment 1

FIGS. 1 and 2 show a schematic construction of an engine
mount system using a vibration isolating proof device
related to the embodiment 1 of the present invention. In both
figures, a mark P 1s a power plant constructed by coupling
in series an engine 1 and a transmission 2 to each other. The
power plant P 1s mounted in an engine room of an automo-
bile not shown 1n a traverse mount fashion so that the length
direction thereof (a direction 1n which a crankshait of the
engine 1 extends) takes a vehicle width direction (a vehicle
body traverse direction) and elastically supported by vehicle
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body side frames 6 and 7 at two sites thereof through mounts
3 and 5 disposed at both end portions 1n the length direction,
that 1s at end portions on the side of the engine 1 thereof and
the side of the transmission 2 thereof. The lower end portion
of the power plant P 1s connected to a vehicle body side
member 9 (a subirame or the like) in the rear side of the

vehicle body by a torque rod 8 independent of the mounts 3
and 3.

FIG. 1 shows an outer appearance only of the body of the
power plant as viewed obliquely from the upper right
position at the rear side of the vehicle body omitting all of
an intake-exhaust system, auxiliary equipment thereof and
the others of the engine 1 and the body of the engine 1
roughly includes: a cylinder block 10 and a cylinder head 11
arranged thereon and in addition, 1s provided with a belt
cover 12 at an end portion 1n the length direction opposite
the transmission 2 (the right end portion of the vehicle body
shown 1 FIG. 1 at the front thereol) and further not only a
head cover 13 on the top of the cylinder head 11 but also an
o1l pan (not shown) in the lower portion of the cylinder block
10. The lower end side of an engine side mount bracket 15
1s fastened to the right side wall of the cylinder head 11
passing through the belt cover 12 and a flange plate 315
extending from the mount 3 side 1s fastened, 1n a state of
being superimposed from above, onto the upper end portion
of the mount bracket 15 extending upward from the lower
end thereof. The engine side mount 3 1s vibration 1solating
prool device of the present invention and description will be
given of details of the construction later.

The transmission 2 in this embodiment 1s an automatic
transmission (which, instead, may be a manual transmaission,
CVT or the like) constructed from a torque converter, a
transmission gear train and in addition thereto a differential
gear integrated 1 a single piece and not only 1s a bell
housing 20a of the transmission case 20 1s connected to the
cylinder block 10 at a crankshait side end portion of the
engine 1, but driveshaits 22 and 22 for driving the front
wheels of an automobile also extend from a swell portion
206 formed on the rear side of the bell housing 20a toward
both sides in the vehicle traverse direction. The transmission
side mount 5 1s disposed 1mn a manner such that the trans-
mission case 20, at a position 1n the vicinity of the distal end
toward which the transmission case 20 1s tapered, 1s hung
down from the side frame 7 1n the left side of the vehicle
body by a mount bracket 23.

In the power plant P constructed by coupling in series the
engine 1 and the transmission 2, since the engine 1 1s higher
than the transmission 2, a roll axis R (a roll inertia main axis)
extending the length direction 1s inclined downward 1n a
direction from an end portion of the engine 1 side to the
transmission 2 side as shown with an alternate long and short
line 1n the figure. In this embodiment, the two mounts 3 and
5 sharing a weight of the power plant P therebetween 1s
spaced upward from the roll axis R, whereby the power plant
P can oscillate like a pendulum around a line segment L (an
oscillation support axis: see FIG. 2) connecting between
load support points of the two mounts 3 and 5.

When a large driving reaction force (a torque) acts, for
example, as 1n rapid acceleration or rapid deceleration of an
automobile, the power plant P tends to oscillate forward and
rearward like a pendulum as a whole with the oscillation axis
L thereabove as a center while revolving almost around the
roll axis R, as shown as a model with an open arrow mark
in FI1G. 2, whereas such a rolling and an oscillation thereof
as a whole are not only restricted mainly by the torque rod
8 disposed in the lower end of the power plant P but also
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restricted by the oscillation limiting mechanisms 4 (see
FIGS. 3 to 5) disposed 1n the left and right mount 3 and 5.

That 1s, 1n this embodiment, as described above, the
oscillation limiting mechanisms having a function similar to
that of a torque rod are provided 1n the leit and right mounts
3 and 5 1n addition to the independent torque rod 8 disposed

in the lower end portion of the power plant P, and even 1f the
power plant P 1s caused to roll by a driving reaction force or
the like 1in the acceleration to impose a large load in the
vehicle body longitudinal direction on the mounts 3 and 5,
the load 1s received and absorbed by the oscillation limiting,
mechanisms to thereby restrict oscillation of the power plant
P with more of certainty.

—Structure of Engine Side Mount—

Then, description will be given of details of the structure
of the engine side mount 3 of the two mounts 3 and 5 on the
engine side and transmission side with reference to FIGS. 3
to 5. FIG. 3, herein, 1s an upper surface view of the engine
side mount 3 and FIG. 4 1s a left side view thereof. FIG. 5
1s a partially sectional view showing an internal structure of
the body 30 of a mount part of which 1s cut away. Note that
while detailed description 1s omitted of the transmission side
mount 5, the basic structure 1s of a conventional known one.

In this embodiment, as shown 1n FIG. 35, the engine side
mount 3 1s a so-called liquid sealed type and the mount body
30 supporting a static load of the power plant P 1s con-
structed from a metal casing 31 (a member of the power
plant side) connected to the power plant side and a connect-
ing metal member 32 of the vehicle body side, both of which
are connected by a rubber elastomer 33. The casing 31 1is
made of, for example, an aluminum alloy and 1s constructed
from a casing body 31a (an outer wall portion) in the shape
of a thuick wall cylinder disposed so as to extend vertically
and a flange plate 315 extending from the outer circumfier-
ence 1n the upper side of the casing body 31 1n a direction
intersecting with an axial line Z at an almost right angle,
both of which are fabricated by casting or the like 1n a single
piece.

The connecting metal member 32 1s 1n the shape of a near
circular cone tapered at the top thereol and disposed con-
centrically with the casing body 31a so that the top end
portion thereod 1s located almost at the center of the lower
end opening of the casing body 31a, and the rubber elas-
tomer 33 i1s iterposed between the tapered side surface
portion and the mmner circumierential surface of the casing
body 31a facing the outer circumierential surface of the
connecting metal member 32. On the other hand, an upward
swell portion 34a of a mount bracket 34 on the vehicle body
side fixed on the upper surface of the vehicle side frame 6
1s joined to the lower end surface of the connecting metal
member 32 and both are fastened to each other with a bolt

35.

The rubber elastomer 33 1s formed so as to have a lower
inner circumierential surface 1n the shaped of an inverted
cone recess and a circumierential surface of the recess 1s
adhered to the tapered side surface portion of the connecting
metal member 32. The rubber elastomer 33 1s shaped such
that 1t expands outward radially and obliquely upward from
all of the periphery of the connecting metal member 32 to
form almost the shape of a frustum of a circular cone and the
outer circumierential surface thereof 1s adhered to the inner
circumierential surface of the casing body 31a. The upper
side portion of the rubber elastomer 33 fixedly adhered to the
inner circumierential surface of the casing body 31a 1s 1n the
shape of a cylinder having a comparatively thick wall and
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open upward and the top end portion thereot 1s located lower
than the top end portion of the casing body 31a by a
predetermined length.

A partition plate 36 in the shape of a disk 1s superimposed,
from above, on the top end portion of the rubber elastomer
33 and a rubber diaphragm 37 almost 1n the shape of a hat

1s provided so as to cover the partition plate 36 from above.
With such a construction, the top end opening of the rubber
clastomer 33 1s liquid-tightly closed to form a cavity section
in the interior thereof. A reinforcing plate 38 almost 1n the
shape of a cylinder 1s embedded in the outer circumierential
side of the diaphragm 37 and the outer circumierential
portion reinforced thereby i1s press inserted from above in
the top end side of the casing body 31a and fixed in an
internally {itting state.

A shock absorbing liquid such as ethylene glycol 1s sealed
in the cavity portion defined as described above in the
interior of the rubber elastomer 33 to form a liquid chamber
F for absorbing and alleviating vibrations of the power plant
P caused by a force applied to the rubber elastomer 33. The
interior of the liquid chamber F 1s partitioned 1into two spaces
one on the other by the partition plate 36 and the lower space
serves as a pressure-recerving chamber a volume of which
expands or shrinks in company with deformation of the
rubber elastomer 33. The upper space of the liquid chamber
F serves as an equilibrium chamber a volume of which 1s
expanded or shrunk by deformation of the diaphragm 37 to
absorb a change in volume of the pressure-receiving cham-
ber.

That 1s, an annular orifice passage 39 surrounded with the
casing body 31q, a flange portion and an inner cylindrical
portion of the diaphragm 37 1s formed so as to extend 1n a
circumierential direction i the upper part of the outer
circumierential portion of the partition plate 36 and one end
of the orifice passage 39 face and 1s open in the pressure-
receiving chamber 1in the lower side of the liqud chamber
38, while the other end of the onfice passage 39 faces and
1s open 1n the equilibrium chamber 1n the upper side of the
liquid chamber F. The shock absorbing liquid in the pres-
sure-receiving chamber and the equilibrium chamber com-
municate with each other through the orifice passage 39 to
thereby attenuate vibrations of low frequencies acting on the
pressure-receiving chamber From the rubber elastomer 33.

—Oscillation Limiting Mechanism—

An oscillation limiting mechanism 4 that 1s a feature of
the mvention of the present application 1s generally provided
to the engine side mount 3 as shown in FIGS. 3 to 5 mn
addition to the mount body portion 30 with a structure as
described above. Note that while detailed description 1is
omitted, an oscillation limiting mechanism having a similar
function is 1nstalled 1n the transmission side mount S as well.

A stopper metal member 40 (a member of the vehicle
side) 1n the shape of an mverted U letter fabricated by press
working of a steel sheet or the like 1s attached to the vehicle
body side frame 6 so as to cross over the mount body portion
30 from the front side to the rear side thereot. The stopper
metal member 40 has a beam portion 40q extending 1n a
direction from the front side to the rear side of the member
almost horizontally above the mount body portion 30 and a
pair of leg portions 406 and 40¢ extending downward from
both end portions thereof as extensions of the beam 40a. The
lower end portions of the pair of leg portions 405 and 40¢ are
turther bent to form flange portions 404 and 40e, and the
flange portions 404 and 40e are fastened with bolts not
shown on the side frame 6 1n the state of being overlapped
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on flange portions 345 and 345 of the vehicle body side
mount bracket 34 at the front and rear sides of the mount
body portion 30.

Note that 1n the figures, there 1s shown the mount body
portion 30 in the state without a load imposed thereon and
in this state, the upper surface of the casing 31 of the mount
body portion 30 and the beam portion 40a of the stopper
metal member 40 are close to each other, while 1n a state of
1 G where the engine side mount 3 1s attached to the vehicle
body and a static load of the power plant P acts on the mount
body portion 30, since the rubber elastomer 33 1s deformed,
though not shown, to displace the casing 31 downward, a
predetermined clearance 1s formed between the upper sur-
face of the casing 31 and the beam portion 40a of the stopper
metal member 40.

On the other hand, stopper rubbers 41 and 42 are provided
on the upper end portions at the front and rear ends of the
outer circumierential surface of the casing body 31a so as to
correspond to the leg portions 405 and 40¢ of the stopper
metal member 40 in the front and rear side thereoi. The
stopper rubbers 41 and 42 on the front and rear ends of the
casing body 31qa are brought into contact with the respective
corresponding legs 405 and 40¢ 1n the front and rear sides of
the stopper metal member 40 to thereby limit movement of
the casing body 31a in the vehicle body longitudinal direc-
tion, wherein especially the stopper rubber 42 on the rear
side 1n the vehicle body longitudinal direction 1s provided 1n
the interior thereof with a hollow portion 43 formed 1n a
characteristic way described below and a core body 44 1s
embedded therein, thereby exerting a function equal to that
of a torque rod.

Upward swell portions 41a and 42a raised upwardly on
the upper surface of the casing body 31a are formed as parts
ol the stopper rubbers 41 and 42 on the front and rear ends
of the casing body 31a and the upward swell portions 41a
and 42a are brought ito contact with the beam portion 40q
of the stopper metal member 40 from below to thereby limat
upward movement of the casing body 31a. On the other
band, an annular rubber layer 45 i1s formed on the outer
circumierential surface of the lower end portion of the
casing body 31a so as to work 1n cooperation with the rubber
clastomer 33 and the both of the front and rear ends of the
rubber layer 45 are swelled downward and the downward
swell portions 45a and 455 are brought 1nto contact with the
upward swell portion 34a of the vehicle body side mount
bracket 34, thereby limiting downward movement of the
casing body 31a.

Detailed description will be given of a structure of the rear
side stopper rubber 42 with reference to FIGS. 6 A and 6B.
The rear side stopper rubber 42, as shown 1n FIG. 6A, has
a long narrow hollow portion 43 vertically passing through
the iterior of a rubber block cure-adhered onto the outer
circumierential surface of the casing body 31a formed 1n a
fabrication process of the mount body portion 30, and at the
same time, the metal core body 44 in the shape of a
rectangular plate 1s disposed so as to be adjacent to the
hollow portion 43, and in cooperation with each other, the
rear side stopper rubber 42 can be shear-deformed with
comparative ease while receiving a pushing force in the
vehicle body longitudinal direction.

To be detailed, the rear side stopper rubber 42 has the
shape of a rectangular block as a whole and has a rubber
block portion 4256 located 1n the front side and a rubber wall
portion 42¢ located 1n the rear side with the hollow portion
43 (see FIG. 3) in the sectional shape of a rectangle as
viewed 1n the vertical direction imterposed therebetween.
The inner surface (the mmner wall surface surrounding the
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rear side of the hollow portion 43) of the rubber wall portion
42¢ thereotf swells inward 1n a relative sense at a site 1n the
lower side thereof and the core body 44 1s embedded in the
swell portion 42d4. That 1s, the hollow portion 43 has the
sectional shape with a stepped structure where lengths 1n the
vehicle body longitudinal direction in the upper and lower
sides are different from each other as viewed from 1n the
vehicle body traverse direction as shown in FIG. 6A (a
stepped hollow portion).

With such a construction, as shown 1in FIG. 6B, when the
rear end surface of the rear side stopper rubber 42 1s brought
into contact with the rear side leg 40¢ of the stopper metal
member 40 to recerve a pushing force 1n the vehicle body
longitudinal direction, the swell portion 424 having an area
equal to or more than almost a half of the imnner wall surface
in the rear side of the hollow portion 43 i1s brought into
contact with the rubber block portion 425 1n the front side to
thereby receive and absorb a force in the vehicle body
longitudinal direction with certainty. In this situation, since
the core body 44 with a high stifiness 1s embedded in the
swell portion 42d, the upper side part of the hollow portion
43 located in the upper position remains uncollapsed to
thereby elastically deform the rubber portion on a side of the
upper side part of the hollow portion 43 with comparative
ease.

Therefore, even 1f the rubber block portion 426 and the
rubber wall portion 42¢ both compressed 1n the vehicle body
longitudinal direction are in a state with difliculty 1n elastic
deformation, the upper side part of the hollow portion 43
remaining uncollapsed expands or shrinks to enable the core
body 44 to revolve (a link action) around an axis in the
vehicle body traverse direction as a link and to thereby
ecnable the rear side stopper rubber 42 1n the entirety to
shear-deform 1n the vertical direction with comparative ease,
therefore, enabling vertical vibrations between the mount
body potion 30 and the stopper metal member 40 to be
suiliciently absorbed.

Note that 1n a state where the rear side stopper rubber 42
receives no pushing force in the vehicle body longitudinal
direction as described above, the core body 44 can revolve
around an axis in the vehicle body traverse direction with
case by expansion and shrinkage of the hollow portion 43
with ease: for example, by an angle of about 1 degree or
more relative to the casing body 31a. In the construction
described above, the core body 44 1s embedded in the rubber
swell portion 424, while, without limiting to this, a con-
struction may be adopted in which part of the core body 44
1s embedded in the swell portion 424 and the other part

thereot 1s embedded 1n the body of the rubber wall portion
42c.

—Action and Effect—

With the construction adopted, according to the vibration
1solating proof device (the engine side mount 3) related to
the embodiment 1, for example, when an automobile 1s at
rest and the engine 1 1s 1 an 1dling state, 1dling vibrations
of low frequencies caused by a change in torque or the like
are absorbed by the rubber elastomer 33 of the mount body
30 to thereby suppress transmission of the vibrations to the
vehicle body. In this situation, for example, since, in the
engine side mount 3, the stopper rubbers 41 and 42 or the
like of the mount body 30 are spaced apart from the stopper
metal member 40, no 1dling vibration 1s transmitted to the

vehicle body therethrough.

On the other hand, when a large driving reaction force
(torque) such as, for example, that 1n rapid acceleration of an
automobile, the power plant P tends to sway as a whole like
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a pendulum with the oscillation support axis L thereabove as
a center forward or rearward while rolling almost around the
roll axis R as shown as a model with a open arrow mark in
FIG. 2. On this occasion, a displacement in revolution
around the roll axis R 1s not only restricted by the indepen-
dent torque rod 8 1n the lower end portion of the power plant
P, but also suppressed by the oscillation limiting mecha-
nisms 1n the left and right mounts 3 and 5, thereby sup-
pressing oscillation of the power plant P effectively.

In this situation, for example, in the oscillation limiting
mechanism 4 1n the engine side mount 3, since the rear side
stopper rubber 42 1s placed 1n a state of being brought nto
contact with the stopper metal member 40 to receive a
compressive force 1n the vehicle body longitudinal direction,
there arises a risk that vibrations in vertical direction of the
power plant P 1s transmitted to the vehicle body through the
rear side stopper rubber 42, while the rear side stopper
rubber 42, as described above, can be shear-deformed 1n the
vertical direction with comparative ease even by receiving a
compressive force in the vehicle body longitudinal direction
since the stepped hollow portion 43 and the core body 44 1n
the rear side rubber stopper 42 cooperate with each other and
cause a link action.

With such workings in eflect, a rise in dynamic spring
constant 1n the vertical direction of the mount 3 as a whole
1s quite smaller even 11 the stopper works and transmission
of the vibrations 1n the vertical direction to the vehicle body
1s effectively suppressed even 1f vibrations in the vertical
direction of the power plant P increase by rapid acceleration
of the engine; therefore causing a surrounding sound 1n the
vehicle compartment due to acceleration to be suppressed so
as not to become especially intense.

FIGS. 7A and 7B show results of investigation on a
change in spring characteristic of a vibration prool mount
before and after action of the stopper in company with
acceleration and deceleration of an automobile as described
above, wherein FIG. 7A 1s a graph showing a load vs.
displacement (bending) curve showing a change 1n a static
spring constant 1 the vehicle body longitudinal direction
and FIG. 7B 1s a graph showing a change in a dynamic
spring constant in the vertical direction before and after the
action of the stopper.

The curve shown with a solid line (I) 1n FIG. 7TA 1s of a
conventional general stopper made of a solid rubber,
wherein 1t 1s understood that an inclination of the curve 1s
mild and a spring 1s soft till the stopper acts at a low
acceleration, while an 1inclination of the curve rises steeply
when the stopper acts (a point S1 1n the figure) and a stiflness
of a compressed rubber increases drastically. Since a static
spring constant automatically increases 1n the vertical direc-
tion when a static spring constant increase in the vehicle
body longitudinal direction as described above, a dynamic
spring constant 1n the vertical direction rapidly increases as
shown with a solid line (I) 1n FIG. 7B to greatly degrade an
absorption performance of vibrations 1n the vertical direc-
tion 1n a state where a set load corresponding to a prede-
termined acceleration state of an automobile acts as shown
with an alternate long and short dash line 1n FIG. 7A, (shown
with a dotted line 1s the dynamic spring constant in the
vertical direction without a load acting 1n the vehicle body
longitudinal direction).

A curve shown with a broken line (II) 1n FIG. 7A1s of a
case where a hollow portion 1s provided 1n a stopper rubber
as 1s disclosed 1 each of conventional examples (Patent
literatures 5 and 6) to thereby reduce a stiflness partly,
wherein since a rise 1n a spring constant in the vehicle body
longitudinal direction at an initial stage of action of the
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stopper (S2) 1s mild as compared with that of the solid
rubber (I), an inclination of a curve 1s comparatively mild
even when the set load acts and a soiter spring characteristic
1s achieved as compared with that of a solid rubber. In this
case as well, however, a dynamic spring constant in the
vertical direction increases as shown with the broken line

(II) in FIG. 7B corresponding to a rise 1n a spring constant
in the vehicle body longitudinal direction of the stopper
rubber; therefore, degradation 1n absorption performance for
vibrations 1n the vertical direction cannot be avoided.

In contrast to this, since 1n a case of the stopper rubber 42
in the embodiment 1, the core body 44 performs a link action
as described above to thereby enable a rise 1 dynamic
spring constant in the vertical direction to be sufliciently
suppressed while receiving and absorbing a force in the
vehicle body longitudinal direction with certainty in a simi-
lar way to that of a torque rod, 1t 1s understood that a low
dynamic spring constant in the vertical direction can be
achieved that 1s close to that when no set load acts 1n the
vehicle body longitudinal direction as shown with an alter-
nate long and short dash line (III) 1n FIG. 7B even 1n a state
where the set load acts in the vehicle body longitudinal
direction acts. Note that an alternate long and two short
dashes line (IV) 1n FIG. 7B shows a dynamic spring constant
in the vertical direction in the embodiments 2 and 3
described later.

Therefore, with the oscillation limiting mechanism 4 in
the vibration 1solating proof device 3 related to the embodi-
ment 1, a function similar to that of a torque rod can be
obtained by a link action of the core body 44 embedded 1n
the stopper rubber 42 while cost up 1s prevented 1n a simple
structure similar to that of a conventional general stopper
mechanism, whereby absorption performance for vibrations
in the vertical directions by the mount 3 can be maintained
while oscillation of the power plant P 1s eflectively restricted
even 1 the power plant P oscillates; thereby enabling
increase 1 surrounding sound in acceleration to be pre-
vented.

In this embodiment, not only 1s the stopper metal member
40 1n the shape of an inverted U letter provided so as to cross
over the mount body portion 30 of the vibration proof mount
3, but the stopper rubbers 41, 42 and 45 1n the vehicle body
longitudinal and vertical directions are also integrally with
the casing 31 of the mount body portion 30 1 a single piece,
and thereby as well reduction 1n cost can be realized.

—Example Modification—

In the embodiment 1 described above, a shape of the core
body 44 of the rear side stopper rubber 42 1s unnecessary to
be 1n the shape of a rectangular plate and may be, for
example as shown 1n FIG. 8, in the sectional shape where the
core body 44 protrudes forward almost in the middle thereof
in the vehicle body traverse direction as viewed from above.
With such a shape adopted, the swell portion 424 swelling
inward 1n the hollow portion 43 also protrudes forward in the
middle thereof in the vehicle body traverse direction to
thereby reduce a contact area of the swell portion 424 with
the rubber block portion 425 located before the swell portion
42d 1n a state where the rear rubber stopper 42 1s pushed 1n
the vehicle body longitudinal direction; therefore causing
the core body 44 to move with more of ease.

In the rear side stopper rubber 42, the hollow portion 43
1s formed so as to pass therethrough vertically and the swell
portion 42d 1s provided in the lower side thereof, while
without limiting to this, the swell portion 424 can also be
provided in the upper side of the hollow portion 43.
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In the rear side stopper rubber 42, the core body 44 1s
embedded 1n the rubber wall portion 42¢, while 1t can also
be embedded 1n the rubber block portion 425, with which
construction the core body 44 revolves mainly relative to the
stopper metal member 40.

In the rear side stopper rubber 42 of the embodiment 1, the
core body 44 performs a link action in cooperation with the
hollow portion 43, to which a construction 1s not necessary
limited. That 1s, 1n a case where a length A of the core body
44 embedded 1n the stopper rubber 42 1n the vehicle body
longitudinal direction, as shown as a model 1n FIG. 9, 1s
longer than a length B 1n the vertical direction (AZB), the
core body 44 revolves around an axis in the vehicle body
traverse direction with comparative ease even i1f the core
body 44 receives a compressive force i the vehicle body
longitudinal direction; therefore, enabling an action and
cllect similar to those 1n the embodiment 1 to be acquired.

Embodiment 2

FIGS. 10 to 13 show an engine side mount 3 in the
embodiment 2 of the invention of the present application. In
the embodiment 2, as clear from the figures, no hollow
portion 43 1s provided 1n the rear side stopper rubber 42 of
the oscillation limiting mechamism 4 and instead, a structure
of the rubber portion 1n which the core portion 1s embedded
1s contrived so as to cause the core body 44 to perform a link
action. Note that since a construction of the mount 3 1n the
embodiment 2 1s the same as in the embodiment 1 except for
details a structure of the rear side stopper rubber 42, the
same marks are attached to the same constituents and
descriptions thereof are omitted 1n the following passages of
the specification.

Then, description will be detailed of a structure of the rear
side stopper rubber 42 with reference to FIGS. 13A and 13B.
The rubber portion of the rear side stopper rubber 42 1s, as
shown with a section in FIG. 13A, constructed from a
connecting rubber portion 426 (a connecting portion)
formed so as to connect the core body 44 1n the shape of a
rectangular plate to the casing body 31aq and a protruded
rubber portion 42¢ (a protruded end portion) formed so as to
protrude toward the rear side of the vehicle body from the
rear side of the core body 44 and has the shape of a inverted
L letter as a whole.

The connecting rubber portion 4256 1s formed as far as a
length of about two-thirds of the core body 44 downward
from the top end portion thereof and the upper side portion
thereol 1n a relative sense including the central part of the
core body 44 1s connected to the casing body 31a. In other
words, the core body 44 1s separated from the casing body
31a 1n a portion 1n the side thereof lower than the connecting
rubber portion 42b; thereby enabling the core body 44 to
revolve (a link action) around an axis i1n the vehicle body
traverse direction with comparative ease (for example, the
core body 44 can revolve relative to the casing body 31a by
an angle of about 1 degree or more 1n a state where no
compressive force acts).

On the other hand, the protruded rubber portion 42¢ on the
other side from the connecting rubber portion 425 1s formed
as far as a length of about two-thirds of the length of the core
body 44 upward from the lower end portion thereof, that 1s
in a portion in the lower side of the core body 44 1n a relative
sense 1ncluding the central part thereof. That i1s, the pro-
truded portion 42¢ and the connecting rubber portion 4256
not only sandwich the core body 44 from the front and rear
sides, and overlap one on the other in the vicinity of the
central part of the core body 44 1n the vertical direction, but
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are also shifted with respect to central position 1n the vertical
direction to assume an oifset arrangement.

With such a construction, 1n a case where the mount body
portion 30 1s displaced rearward as shown 1n FIG. 13B, and
the rear end surface of the protruded rubber portion 42¢, that
1s the rear end portion of the rear side stopper rubber 42, 1s
brought into contact with the rear side leg portion 40c¢ of the
stopper metal member 40, whereby a pushing force 1n the
vehicle body longitudinal direction 1s recerved, the pushing
force 1n the vehicle body longitudinal direction can be
received with certainty since the connecting rubber portion
426 and the protruded rubber portion 42¢ are overlapped one
on the other 1n the vicinity of the central part of the rear side
stopper rubber 42 1n the vertical direction.

Since the connecting rubber portion 425 and the protruded
rubber portion 42¢ sandwiches the core body 44 and are
shifted 1n an oflset arrangement in the vertical direction, an
axial line of a pushing force 11 acting on the rear side stopper
rubber 42 from the leg portion 40c¢ of the stopper metal
member 40 1n the vehicle body longitudinal direction and an
axial line of a reaction force 12 from the casing body 314, as
shown 1n the figure, does not coincide with each other,
revolution of the core body 44, that 1s a link action of the
core body 44, 1s urged by the couple of forces 11 and 12.

Therefore, 1n the embodiment 2 as well, when the rear
side stopper rubber 42 receives a pushing force 1n the vehicle
body longitudinal direction as described above, the stopper
rubber 42 as a whole shear-deformed 1n the vertical direction
by the link action of the core body 44 with comparative ease
in a similar way to that in the embodiment 1 even 1n a state
where the rubber portions 425 and 42¢ are compressed to be
thereby hard in elastic deformation; thereby enabling dis-
placement of the mount body portion 30 relative to the
stopper metal member 40 1n the vertical direction to be
sufliciently allowed and further vibrations in the vertical
direction to be eflectively absorbed.

In the embodiment 2, besides, since a link action of the
core body 44 1s prompted by the pushing forces 11 and 12 1n
the vehicle body longitudinal direction, a rise 1 dynamic
spring constant in the vertical direction can be more sup-
pressed even as compared with that in the embodiment 1,
and as shown with an alternate long and two short dashes
line (IV) 1in FIG. 7B, a low dynamic spring characteristic in
the vertical direction 1s not so much different from that when
no load acts in the vehicle body longitudinal direction can be
achieved even in a case where a predetermined pushing
force (a set load) acts in the vehicle body longitudinal
direction.

Note that in the rear side stopper rubber 42, various
parameters such as a ratio of the connecting rubber portion
42b to the core body 44 1n length 1n the vertical direction, a
level of oflset between the connecting rubber portion 4256
and the protruded rubber portion 42¢, a dimension ratio
between a length and width of the core body 44 or the like
can be altered, thereby enabling a balance between a support
stiflness 1n the vehicle body longitudinal direction and an
casiness 1n shear deformation 1n the vertical direction to be
altered.

—Example Modification—

In the embodiment 2 as well, a shape of the core body 44
in the rear side stopper rubber 42 may not be 1n the shape of
a rectangular plate and for example, may be in the shape of
a crank 1n section as shown in FIG. 14A. A hollow portion
42d 1s formed 1n the interior of the rubber as shown 1n, for
example, FIG. 14B 1nstead of forming the rubber portions
(the connecting rubber portion and the protruded portion)
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42H and 42c¢ belore and after the core body 44 as shown 1n
the FIGS. 14A and 13A shifted from each other in the
vertical direction, and the centers of gravity of the rubber
portions before and after the core body 44 or application
points of forces in the rubber portions may be shifted from
cach other 1n the vertical direction.

As shown 1n FIGS. 14C and 14D, the core body 44 1n the
rear stopper rubber 42 1s formed 1n the shape of a crank 1n
section as viewed 1n the vehicle body traverse direction and
the front end portion and rear end portion may be shifted in
an ollset arrangement vertically or alternatively, the core
body 44 may also be inclined so as to shitt the front end side
and rear end side thereof 1n position in the vertical direction.

Embodiment 3

FIGS. 15 to 17 show the embodiment 3 of the invention
of the present application and, as shown 1n FIG. 16, espe-
cially 1n an engine side mount 3' of the embodiment 3, a
mount body portion recerving a static load of the power plant
P 1s disposed 1n a construction inverted upside down 1n the
vertical direction from the constructions 1n the embodiment
1 and 2, wherein a metal casing 60 1s connected to the
vehicle body, while on the other hand, a connecting metal
member 64 1s connected to the power plant side. Note that
an overall construction of the engine mount system of the
embodiment 3 1s the same as 1n the embodiments 1 and 2
except for a structure of the engine side mount 3'; therefore,
the same marks are attached to the same constituents and
descriptions of thereof are omuitted.

—Structure of Engine Side Mount—

Then, detailed description will be given of the structure of
the engine side mount 3' with reference to FIGS. 16 and 17
and 1n addition, FIGS. 18 and 19. The casing 60 1s, as shown
in FIG. 16, constructed from: a support cylinder 61 1n the
shape of a cylinder supporting the connecting metal member
64 from below with a rubber elastomer 63 interposed
therebetween; and a stopper metal member 62 having the
shape of a cylinder slightly smaller in diameter than the
support cylinder 61, a flange 62a formed 1n the lower end
potion of which 1s fixed to the top end portion of the support

cylinder 61, wherein the support cylinder 61 1s fixed on a
side frame 6 with three brackets 67, 67 and 67 fixedly

attached to the outer circumierence in the lower side of the
casing 60 1n a single piece.

The support cylinder 61 has a double structure con-
structed from an inner cylindrical member 65 in the inner
side and an outer cylindrical member 66 1n the outer side and
plural (e1ght mails 1n the figure) nail portions 60a, 60q, . . .
protruding upward from the top end edge of the outer
cylindrical member 66 1n the top end portion thereof are
provided at a predetermined spacing 1n the peripheral direc-
tion and the nail portions 60a are bent toward the inner
circumierence side to thereby caulk the lower portion flange
62a on the top end edge of the mner cylindrical member 65.
On the other hand, annular inner peripheral flanges 65a and
660 extending toward the mnner circumiference side are
formed at the lower end edge portions of the mner cylin-
drical member 65 and the outer cylindrical member 66, and
the inner peripheral flange 65a of the inner cylindrical
member 635 1s caulked on the 1inner peripheral flange 665 of
the outer cylindrical member 66 from below.

The connecting metal member 64 1s not only formed 1n
the shape of inversion of a frustum of circular cone which 1s
gradually tapered downward in the lower side portion, but
also housed 1n the casing 60 and adhered to the upper portion
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ol a rubber elastomer 63, while on the other hand, a portion
in the upper side extends upward from the top surface of the
casing 60 to serve as a connection shaft portion 64a 1n which
a bolt hole 645 1s formed 1n the shait portion 64a so as to
direct downward along the axial line Z from almost the
central part of the top end surface thereof. Though not
shown, an engine mounting bracket 29 (screwed on the top
end portion of the mount bracket 15 which 1s shown only 1n
FIG. 15) 1s fastened on the top end of the connecting metal

member 64 with a mounting bolt screwed 1n the bolt hole
645.

On the other hand, the inner circumierence of the top
portion of the rubber elastomer 63 1s cure-adhered to the
lower portion of the mversion of a frustum of circular cone
of the connecting metal member 64 across the entire cir-
cumierential surface of the frustum of a circular cone. The
outer circumierence of the top portion of the rubber elas-
tomer 63 1s formed 1n the shape of a frustum of a circular
cone tapered upward and an annular stopper portion 80
(described later) swelling outward 1s 1ntegrally provided at
the top end thereof 1n a single piece. A rubber thin layer
portion 63a 1s formed so as to extend downward from the
lower end of the rubber elastomer 63 and the thin layer
portion 63a 1s cure-adhered on the 1nner circumierence of
the lower end portion of the mner cylindrical member 65.
Therefore, the connecting metal member 64 1s supported
from below by the casing 60 with the rubber elastomer 63
interposed therebetween.

An orifice plate 68 in the shape of a near disk with a large
thickness 1s press-inserted from below on the mner circum-
terential surface of the thin layer portion 63a and a dia-
phragm 69 1n the shape of a hat 1s disposed on the lower side
ol the orifice plate 68 so as to cover all of the lower side of
the orifice plate 68 from below, whereby a lower end
opening of the rubber elastomer 63 1s liquid-tightly closed to
form a cavity portion therein. That 1s, the diaphragm 69 1s a
filmy member made of rubber, a reinforcing plate 70 1n the
shape of an annular plate 1s embedded 1n an outer peripheral
portion 69a with a relatively larger thickness, the outer
peripheral portion 694 1s superimposed on the upper surface
of the mner peripheral tlange 65a formed at the lower end of
the mner cylindrical member 65, and the mner peripheral
flange 65a are caulked on the inner peripheral flange 665 of
the outer cylindrical member 66.

A shock-absorbing liquid 1s sealed 1n the cavity portion of
the rubber elastomer closed by the diaphragm 69 and the
cavity portion serves as a liquid chamber F for absorbing and
alleviating vibrations. The internal space of the liquid cham-
ber F 1s partitioned by the orifice plate 68 into two smaller
spaces one on the other and the upper side space works as
a pressure recerving chamber, while the lower side space
works as an equilibrium chamber. An orifice passage 71 in
a structure of a double helix 1s formed in the outer peripheral
portion of the orifice plate 68 closed with the thin layer
portion 63a of the rubber elastomer 63 adhered to the inner
circumierential surface of the mner cylindrical member 65
of the casing 60, and the upper end of the onfice passage 71
faces and 1s open 1n the pressure receiving chamber, while
on the other hand, the lower end of the orifice passage 71
faces ad 1s open 1n the equilibrium chamber.

—Oscillation Limiting Mechanism—

As shown i FIGS. 16 and 17, an oscillation limiting
mechanism 4' 1s integrally provided in the engine side mount
3' in a single piece. That 1s, a stopper portion 80 (a vehicle
body longitudinal force receiving member) constructed from
a rubber member and others, as described above, 1s formed
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on the outer circumierential side of the connecting shaft
portion 64a of the connecting metal member 64 surrounded
with the stopper metal member 62 of the casing 60, and,
when the power plant P oscillates 1in the vehicle body
longitudinal direction, 1s brought into contact with the
stopper metal member 62 and receives a force 1n the vehicle
body longitudinal direction.

Detailed description will be given of a structure of the
stopper portion 80 with reference to FIGS. 16 to 19, wherein
the rear side of the stopper portion 80 1s different from the
front side thereof only 1n position 1n height of the core body
81 and has the same function of the core body 81 revolving
like a link as the front side thereof; therefore in FIG. 19,
there 1s shown a section of only the front side of the stopper
portion 80 and description i1s given of only the front side.

The stopper portion 80, as shown 1n FIGS. 16 and 19A,
1s constructed such that a metal core body 81 (see FIG. 18A)
in the shape of a near rectangle in section and a near U letter
as viewed from above 1s embedded 1n the interior of an
annular rubber layer formed on the outer circumierential
surface of the connecting metal member 64 integrally with
the rubber elastomer 63 1n a single piece, and disposed so as
to surround the connecting shait portion 64a across more
than a half of the circumiference from the right side wherein
the front portion 81a and the rear portion 815 of the core
body 81 are located at positions at the front side and rear side
of the connecting shaft portion 64a.

Note that 1in the sectional view, as shown FIGS. 16 and
19A, a rubber portion 82a on the mner circumierential side
of the core body 81 is thicker than a rubber portion 825 on
the outer circumierential side thereof. An upward swell
portion 80q raised upward 1s provided to the stopper portion
80 and by bringing the upward swell portion 80a 1nto contact
with the upper flange portion 6256 of the stopper metal
member 62 from below, upward movement of the connect-
ing metal member 64 1s limited there.

The core body 81 1s obliquely 1nclined at a predetermined
angle 0 relative to a horizontal plane 1n the vehicle body
longitudinal direction (in this embodiment, a plane X inter-
secting with the axial line Z of the mount 3 at a right angle)
so that the front portion 81a 1s located lower than the rear
portion 815. This 1s because even 1n a case where a force 1n
the vehicle body longitudinal direction acts to bring the
stopper portion 80 1nto contact with the inner circumieren-
tial surface of the stopper metal member 62, the core body
81 1s caused to perform a link action as described below
while receiving a force in the vehicle body longitudinal
direction, and for the link action of the core body 81, the core
body 81 1s preferably set so as to be inclined at an angle o
in the range of, for example, from about 3 to about 5 degrees.

In order to dispose the core body 81 1s 1n an inclined state,
the stopper portion 80 1s formed 1n a way that the mount 3
1s inverted upside down so that the connecting shaft portion
64a of the connecting metal member 64 assume a lower
position and in this state, the rubber portion 82 and the
rubber elastomer 63 are cure-molded while the core body 81
1s supported by plural pin members (not shown) from below.
Theretfore, plural holes 82¢ being open upward are formed
at sites corresponding to the pin members on the rubber
portion 82. In order that the core body 81 1s inclined (the
front portion 8la 1s lower than the rear portion 815),
supporting heights of the plural pin members are set difler-
ently between the front side and rear side of the core body
81. Hence, in a case where the outer form of the rubber
portion 82 of the stopper portion 80 1s symmetrical i the
vehicle body longitudinal direction, the depth of a hole 82¢
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formed 1n the front side of the core body 81 1s deeper than
a hole 82¢ formed 1n the rear side thereof.

Note that a molding method for the stopper portion 80,
without being limited to the above method, may also be
performed 1n a state where the connecting metal member 64
takes a position of FIG. 16 (the connecting shait portion 64a
1s positioned at an upper position). In this case, since the
core body 81 is supported by the pin members from below,
the holes 82¢ are formed so as to be open at the lower surface
of the rubber portion 82.

With such an inclination of the core body 81 1n the vehicle
body longitudinal direction, in a case where, for example, in
rapid acceleration or rapid deceleration of an automobile, the
connecting metal member 64 1s displaced forward as shown
in FIG. 19B 1n company with oscillation of the power plant
P and the outer circumierential portion of the stopper 80 1s
brought into contact with the inner circumierential surface
of the stopper metal member 62 to receive a pushing force
in the vehicle body longitudinal direction, the pushing force
11 from the stopper metal member 62 acts to the core body
81 obliquely relative thereto to thereby urge the core body
81 to perform revolution (a link action).

That 1s, even 1n a case where a pushing force 1n the vehicle
body longitudinal direction acts on the stopper portion 80 to
thereby compress the rubber portions 82a and 826 on the
outer and inner circumierential sides of the core body 81 1n
the vehicle body longitudinal direction so as to be ditlicult
in elastic deformation, the core body 81 1n the inclined state
revolves around an axis in the vehicle body traverse direc-
tion to thereby shear-deform the stopper portion 80 as a
whole 1n the vertical direction with comparative ease. With
such a construction, even when the stopper portion 80
receives a pushing force in the vehicle body longitudinal
direction, the connecting metal member 64 on the power
plant P side and the stopper metal member 62 on the vehicle
body side are displaced relatively to each other with com-
parative ease, thereby enabling vibrations in the vertical
direction to be absorbed eflectively.

In the stopper portion 80, the outer circumierential surface
81¢ of the core body 81 (including the front and rear end
surfaces of the core body 81) 1s almost parallel to the inner
circumierential surface of the stopper metal member 62 and
since when the outer circumierential surface of the stopper
80 1s brought mto contact with the mner circumierential
surface of the stopper metal member 62, the outer circum-
terential surface 81c¢ of the core body 81 pushes the rubber
portion 825 1n the outer circumierential side with a uniform
force; therefore, enabling damage on the rubber portion 8256
to be prevented.

Note that, as shown 1n FIG. 18B, the outer circumierential
surface 81¢ of the core body 81 may assume a surface with
a circular arc 1n section swelled 1n the middle of the vertical
width. In this case, not only can damage on the protruded
rubber portion 825 be effectively prevented, but a link action
of the core body 81 as described above 1s also occurs with
extreme ease, thereby enabling vibrations in the vertical
direction to be absorbed effectively. Herein, the outer cir-
cumierential surtace 81c of the core body 81 almost 1n
parallel to the mmner circumierential surface of the stopper
meal member 62 1s a planar portion, while in a case where
the outer circumierential surface 81c¢ 1s 1 the shape of a
circular arc 1n section swelled 1n the middle of the vertical
width, the outer circumferential surtace 81c¢ 1s a curved
surface portion having a section of a circular arc.

Therefore, even 1n a case where 1n the engine side mount
3' of the embodiment 3, the stopper portion 80, as described
above, receives a pushing force in the vehicle body longi-
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tudinal direction and the rubber portions 82a and 825
assumes a state of being difficult 1n elastic deformation
under an influence of a compressive force, the core body 81
performs a link action 1n a similar way to that in the first or
embodiment 2 to thereby cause the stopper portion 80 as a
whole to elastically deform in the vertical direction with
comparative ease to thereby reduce a rise 1n dynamic spring
constant 1 the vertical direction to a very small value;
therefore, enabling transmission of vibrations in the vertical
direction from the power plant P to the vehicle compartment
to be suppressed and further increase 1n a surrounding sound
in acceleration to be suppressed.

Since a link action of the core body 81 1n the engine side
mount 3' in the embodiment 3 1s urged by a pushing force 11
in the vehicle body longitudinal direction 1n a similar
manner to that in the engine side mount 3 of the embodiment
2, a rise 1n dynamic spring constant 1n the vertical direction
can be reduced to the lowest value even 1n a state where a
predetermined pushing force (a set load) acts 1n the vehicle
body longitudinal direction as shown with an alternate long
and two short dashes line (IV) i FIG. 7B.

In the embodiment 3, the stopper portion 80 constructed
from the core body 81 formed 1n the shape of a near U letter
as viewed from above and the rubber stopper 82 1s provided
so as to surround the connecting metal member 64 from the
side all therearound to thereby exert a similar function to that
of a torque for inclination 1 any sense in the vehicle
longitudinal direction and to therefore, facilitate fabrication
as compared with a case where separate members are
provided at the front and rear side; thereby enabling a cost
to be reduced.

Other Embodiments

A construction of the present invention 1s not limited to
the embodiments described above, but includes various
kinds of other embodiments. Therefore, while 1n any of the
embodiments 1 to 3, the core body 44 or 81 1s made of a
metal, to which no specific limitation 1s applied, and may be
made of any material, for example a resin, since a material
of the core body 44 or 81 has only to be higher in stiflness
than rubber.

In the embodiments 1 and 2, a hollow portion 43 1s
provided only in the rear side stopper rubber 42 of the
stopper rubbers 41 and 42 1n the front and rear sides and the
core body 44 1s embedded to thereby construct the oscilla-
tion limiting mechanism 4, to which no specific limitation 1s
applied, while a construction can be adopted 1n which the
front side stopper rubber 41 can be constructed in a similar
way to that in the rear side.

In addition, while in each of the embodiments, the engine
side mount 3 or 3' 1s of a liquid sealed type, to which no
specific limitation 1s applied and needles to say that a
construction may be adopted in which for example, the
partition plate 36, the orifice plate 68, the diaphragms 37 and
69 and others are removed from the casings 30 and 60 of the
mount body to thereby support a static load of the power
plant P only by the rubber elastomers 33 and 63.

According to a vibration 1solating proof device related to
the present invention, as described above, oscillation of the
power plant P in rapid acceleration or the like 1s restricted by
the oscillation limiting mechanism 4 or 4' integrally pro-
vided to the mount 3 supporting the power plant P 1n a single
piece and even 1n such a state, vibrations in the vertical
direction can be eflectively absorbed and increase in sur-
rounding sound 1n acceleration and the like 1n the vehicle
compartment can be suppressed; therefore, the vibration
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1solating proof device can be employed as a mount system
for a FF automobile and 1s extremely useful especially 1n a
pendulum mount.

What 1s claimed 1s:

1. A vibration isolating proof device for elastically sup-
porting a power plant mounted on a vehicle with a length
direction of the power plant aligned in a traverse direction of
a body of the vehicle, the vibration 1solating proof device
having an oscillation limiting mechanism for limiting oscil-
lation of the power plant in a roll direction thereof; wherein

the oscillation limiting mechanism has a receiving mem-

ber for a force 1in a vehicle body longitudinal direction
receiving a compressive force in the vehicle body
longitudinal direction between a member of the vehicle
body and a member of the power plant facing each
other 1n the vehicle body longitudinal direction 1n
company with rolling of the power plant,

the receiving member 1s constructed of: a rubber portion

and a core body made of a material higher in stiflness
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than the rubber portion and provided integrally with the 20

rubber portion 1 a single piece at least so as to be
revolvable around an axis 1n the vehicle body traverse
direction by a predetermined angle or more and con-
figured such that an application point of a force from
the front side of the vehicle body to the core body in the
rubber portion 1s shifted from an application point of a
force from the back side of the vehicle body to the core
body when the recerving member receives the com-
pressive force 1n the vehicle body longitudinal direc-
tion, and

the receiving member becomes shear-deformed 1n a ver-
tical direction with the core body revolved around the
axis by recerving the compressive forces from the front
and rear sides of the vehicle body even when the
receiving member 1s compressed in the vehicle body
longitudinal direction because of rolling of the power
plant.

2. The vibration 1solating proof device of claim 1, wherein

a hollow portion 1s formed in the rubber portion of the
receiving member at least so that the core body can be
revolved around an axis 1n the vehicle transverse direc-
tion.

3. The vibration 1solating prootf device of claim 1, wherein

the rubber portion 1n the receiving member includes: a
connecting portion connecting the core body to one of
the member of the vehicle body and the member of the
power plant; and a protruded end portion directed to the
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other member thereof from the core body, wherein the
connecting portion and protruded end portion are ver-
tically shifted 1n an offset arrangement.

4. The vibration 1solating proof device of claim 1, wherein

the core body in the recerving member 1s inclined so that
the front end portion and rear end portion are vertically
offset 1n position.
5. The vibration 1solating proof device of claim 1, wherein
the vibration 1solating prooi device 1s arranged at an end
portion of the length direction of the power plant so as to be

spaced upward from a roll axis of the power plant.

6. A vibration 1solating proof device for elastically sup-
porting one of left and right end portions of a power plant
mounted on a vehicle with a length direction of the power
plant aligned 1n a traverse direction of a body of the vehicle,
the vibration 1solating proof device having an oscillation
limiting mechanism for limiting oscillation of the power
plant 1n a roll direction thereof, wherein

the oscillation limiting mechanism has a receiving mem-
ber for a force 1n a vehicle body longitudinal direction
receiving at least a compressive force in the vehicle
body longitudinal direction between a member of the
vehicle body and a member of the power plant facing
cach other 1n the vehicle body longitudinal direction,

the recerving member 1s constructed of: a rubber portion
and a core body made of a material higher in stiflness
than the rubber portion and provided integrally with the
rubber portion 1s a single piece at least so as to be
revolvable around an axis in the vehicle body traverse
direction by a predetermined angle or more,

wherein the core body in the recerving member 1s a
crank-like shape as viewed in the vehicle body traverse
direction and the front end portion and the rear end
portion are vertically shifted in an offset arrangement,
such that the core body 1s provided to be revolved
around an axis 1n the vehicle body traverse direction
when receiving the compressive force acting between a
member of the vehicle body and a member of the power
plant, and

the recerving member easily becomes shear-deformed 1n
a vertical direction owing to revolving of the core body
even when the receiving member 1s compressed 1n the
vehicle body longitudinal direction because of rolling
of the power plant.
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